Background {#Sec1}
==========

The prevalence of osteoarthritis (OA) is gradually increasing in both low- and high-income countries \[[@CR1]\]. The Global Burden of Disease studies recently indicated that knee OA is the fastest increasing major health disorder and the second global cause of disability \[[@CR2]\]. In the lower extremity, the knee is often affected \[[@CR3]\], and knee OA results in significant mobility restrictions \[[@CR4]\] and a substantial financial burden \[[@CR5]\]. The risk of OA-associated disability is equal to that of cardiac disorders \[[@CR6]\] and more common than any other medical problem in older populations \[[@CR7]\]. The common clinical manifestations of knee OA include pain, stiffness, joint enlargement, crepitus, muscle weakness, deformity, impaired proprioception, reduced joint motion, and disability \[[@CR8]\]. Therapeutic exercises are often used to improve physiological impairments such as reduced joint motion, muscle weakness, impaired balance, disability, and proprioception \[[@CR9], [@CR10]\].

In open kinetic chain exercises, the distal segment of the lower limb is free to move during movement. In contrast, the distal segment of the lower limb is fixed during the closed kinetic chain exercises. The closed kinetic chain exercises are closely related to the activities that we performed in daily life and more functional in nature \[[@CR11], [@CR12]\]. In addition, closed kinetic chain exercise could also improve joint proprioception, muscle strength, and balance \[[@CR8], [@CR13]--[@CR15]\]. Walking is a closed kinetic chain exercise program which allows initiation of weight bearing and early mobilization in knee rehabilitation. Regular walking exercises are beneficial, and it is recommended to reduce pain and disability in people with knee OA \[[@CR16]--[@CR18]\]. A moderate effect of walking compared to home-based quadriceps strengthening exercises on knee pain and function was reported in the previous systematic review and meta-analysis \[[@CR19]\]. Kovar et al. \[[@CR20]\] reported improved function and no worsening of OA related symptoms after supervised fitness walking program compared to patient education program.

Most of the previous studies investigated the effects of backward running, only few studies presented the effects of backward walking. Previous studies have suggested that the backward running program may give additional benefits more than those experienced by forward running in healthy adults \[[@CR21], [@CR22]\]. Retro walking is considered an effective closed kinetic chain exercise to improve lower muscles strength and the equilibrium of the human body \[[@CR23]\]. Another study reported that backward running causes reduced eccentric activity of the quadriceps, while concentric and the isometric quadriceps activity was preserved \[[@CR24]\]. More recently, Loew et al. \[[@CR25]\] reported improved pain relief and aerobic fitness level, without aggravating symptoms following walking programs in patients with knee OA. However, Loew et al. \[[@CR25]\] did not compare effects in pain and aerobic fitness level with the control group. Significant improvement in function after 3 weeks of retro walking in addition to a routine physiotherapy in person with knee OA was previously noted \[[@CR26]\]. Moreover, a recent phase I trial indicated that 70 min walking per week was safe, feasible, and tolerated by people with severe knee OA; however, longer walking-periods may exacerbate knee pain levels \[[@CR27]\]. Furthermore, a phase II randomized controlled trial reported improved cardiovascular health without reducing knee pain following a 12-week walking program in people with severe knee OA \[[@CR28]\]. In contrast, worsening of OA-related symptoms after a walking program in person with knee OA was also reported \[[@CR29]\]. Thus, we hypothesized that a less intensive walking program such as retro walking program could provide an additional benefit more than those experienced by forward walking program in the previous studies. Therefore, the primary aim of the present study was to compare the effect of retro versus forward walking versus control group on knee pain and function in people with knee OA. The secondary aims were to compare the effect of retro versus forward walking versus control group on quadriceps muscle strength and performance in people with knee OA.

Methods {#Sec2}
=======

Trial design {#Sec3}
------------

This Retro-walking trial was a three-arm single-blinded randomized controlled trial comparing retro walking, forward walking, and control. The participants were randomly assigned to retro walking, forward walking, or control groups. Blank folders were numbered from 1 to 68, given concealed codes for the group assignment by an independent therapist, and kept in a safe locker. When a participant was eligible and agree to participate, an independent therapist drew the next folder from the file to decide the group assignment. All participants received their assigned intervention in the outpatient physiotherapy department. The Declaration of Helsinki was followed for all experiments. Recruitment of the participants took place from August 3, 2014 through October 30, 2015, and the trial ended on December 30, 2015. Participants were requested to sign a written informed consent form approved by the institution ethics committee of King Saud University. The CONSORT guidelines were followed \[[@CR30]\] and the CONSORT diagram was used to describe the flow of participants at each stage of the trial.

Participants {#Sec4}
------------

Sixty-eight individuals with knee OA diagnosed by the Physician as per American College of Rheumatology criteria were recruited for this RCT \[[@CR31]\]. The other inclusion criteria were as follows: age 45--66 years and 1--3 radiographic grades on the Kellgren-Lawrence scale \[[@CR32]\]. The most symptomatic knee as indicated by the patients was included in the evaluation. The participants were excluded due to a history of knee surgery (*n* = 3), impaired lower limb function due to stiff knee joint (*n* = 1), received an intra-articular injection (*n* = 2) and physical therapy (n = 2) in the last 3 months.

Interventions {#Sec5}
-------------

All participants received routine physiotherapy as published previously \[[@CR33]\]. The exercise program comprises a combination of closed kinetic chain and open kinetic chain exercises, including straight leg raising, isometric quadriceps, isometric hip adduction, terminal knee extension, semi-squat, and leg press. A previous study has recommended the combination of closed kinetic chain and open kinetic chain exercises for individuals with knee OA \[[@CR34]\]. In addition, all participants received ultrasound therapy (1.5 watts/cm2 for 7 min in continuous mode) at the knee joint prior to exercise. In a previous study, this dose of therapeutic ultrasound was found to be safe and effective to reduce pain and disability in individuals with knee OA \[[@CR35]\]. Additionally, a recent systematic review suggested that that therapeutic ultrasound is safe and beneficial for reducing pain and improving functions in knee OA \[[@CR36]\]. The participants were instructed by a trained Physiotherapist to perform the prescribed exercises 3 days a week for 6 weeks as previously published \[Table [1](#Tab1){ref-type="table"}\] \[[@CR33]\]. All participants were requested to avoid any exercise other than the prescribed program during the trial. Frequent reminders and corrections were given by the therapists who involved in the training to avoid incorrect or any other forms of exercise during the trial.Table 1Prescribed exercise for all the groupsExerciseProcedureFrequencyIntensityProgressionIsometric quadriceps exercisePatients lay in a supine position. A rolled up towel was put beneath the knee. They were instructed to maximally activate their thigh muscles in order to straighten their knee and hold the contraction for 5 s.3 days/week1 set of 10 repetitions/twice a day1st week: 1 set\
2--3 weeks: 2 sets\
3--6 weeks: 3 setsStraight leg raising (SLR) exercisePatients lay in a supine position. They were instructed to perform a maximum isometric quadriceps contraction prior to the lifting phase of the exercise. Then they were instructed to lift the leg up to 10 cm above the plinth and hold the contraction during the lifting phase for 10 s.3 days/week1 set of 10 repetitions/twice a day1st week: 1 set\
2--3 weeks: 2 sets\
3--6 weeks: 3 setsIsometric hip adduction exercisePatients lay in a supine position. A small pillow was put between the knees. They were instructed to perform isometric hip adduction exercise while pressing the pillow between the knees and to maintain the adduction with contraction for 5 s.3 days/week1 set of 10 repetitions/twice a day1st week: 1 set\
2--3 weeks: 2 sets\
3--6 weeks: 3 setsTerminal knee extension exercisePatients lay in a supine position. The affected knee is flexed about 30 degrees over a rolled towel. The patients were instructed to extend the knee to zero degree and hold it for 5 s then gradually flex the knee to starting position.3 days/week1 set of 10 repetitions/twice a day1st week: 1 set\
2--3 weeks: 2 sets\
3--6 weeks: 3 setsSemi-squat exercisePatients were asked to stand against the wall and performed semi-squat to 45- degrees flexion at knees and held this position for 30 s.3 days/week1 set of 10 repetitions/twice a day1st week: 1 set\
2--3 weeks: 2 sets\
3--6 weeks: 3 setsleg press exercisePatients were asked to perform leg press exercise on a standard leg press machine. Patients were asked to press the machine to extend the knee to zero degree and hold it for 5 s then gradually flex the knee to starting position.3 days/week1 set of 10 repetitions/twice a day1st week: 1 set\
2--3 weeks: 2 sets\
3--6 weeks: 3 sets

The participants in the retro walking group completed 10 min of supervised retro walking training with 5-min warm-up and cool-down sessions 3 days a week for 6 weeks at their comfortable walking speed along with a routine physiotherapy as indicated above. The participants were instructed to gradually increase their walking time up to 30 min over the 6-week period, if they consistently obtained a lesser amount of pain e.g. pain scores \< 3 on numerical rating scale \[[@CR37]\]. In the warm-up and cool-down sessions, the subjects were instructed to perform heel raise exercises, ankle toe movements, and gastrocnemius-soleus and hamstring stretches.

The participants in the forward walking group completed 10 min of supervised forward walking with 5-min warm-up and cool-down sessions 3 days/week for 6 weeks on a flat surface at their comfortable walking speed along with a standard physiotherapy program as mentioned above. The participants were instructed to gradually increase their walking time up to 30 min over the 6-week period. In the warm-up and cool-down sessions, the subjects were instructed to perform ankle toe movements, heel raise exercises, and hamstring and gastrocnemius-soleus stretches.

Outcomes {#Sec6}
--------

All the outcomes were measured by a physical therapist that has been in clinical practice for more than 10 years and has experience of using the outcomes used in this study.

The primary outcome including mean pain and knee function score measured by the numerical rating scale and the Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC), respectively, were analyzed at baseline and week 6. The participants were requested to indicate their level of pain on the numerical rating scale (0--10 scale with 0 indicating no pain and 10 indicating the worst pain). The reliability and validity of the numerical rating scale for measuring musculoskeletal pain has been established \[[@CR38]\]. The participants were requested to report their knee function on the WOMAC index, a reliable, valid, and responsive disease-specific instrument \[[@CR39]\]. The WOMAC index comprises 24 items including pain (score 0--20), stiffness (scored 0--8), and physical function (scored 0--68), and lower scores indicate better function.

Secondary outcome including mean score of quadriceps muscle strength and timed up and go (TUG) test scores were analyzed at baseline and week 6. The quadriceps muscle strength was measured using the Jamar hydraulic handheld dynamometer (Model, SH5001; SAEHAN, Changwon, South Korea). The participants were instructed to sit at the edge of a treatment table and the knee was maintained at 60 degrees of flexion using a standard goniometer. The dynamometer was placed approximately five centimeters proximal to the distal part of the lateral malleolus. A belt was used around the edge of the treatment table to stabilize the participant's pelvis \[[@CR40], [@CR41]\].

The TUG test was administered as described previously \[[@CR42]\]. A firm standard height chair with arms was placed at one end and an object was placed at the other end at a 3-m distance. The test was started with each participant sitting with their back against the chair, arms in their lap, both foot flat on the ground and feet just behind the starting markings on the floor. The participants were instructed as follows: "On the word 'go,' stand up, walk comfortably and safely to the object at the end on the floor, walk around the object, come back, and sit all the way back in your chair." Timing was started on the word "go" and ended when the participant was seated with their back resting against the chair \[[@CR43]\]. A practice trial was given first, followed by two recorded trials. The mean of the two recorded trials was used in the analysis.

Adverse effects were defined as perception of increased knee pain due to trial protocol lasting ≥2 days or the participant had consulted Physician or took medications to relieve symptoms. Falls or injuries to other body parts during trial were considered adverse effects.

All measurements were performed at baseline (week 0) and the end of the intervention (week 6). A senior physical therapist blinded to the group assignments was responsible for recording the measurements.

Sample size {#Sec7}
-----------

The statistical software Statmate version 2 (GraphPad Software, Inc., CA, USA) was used to determine the required sample size using the primary outcome variable NRS scores for pain, with a power of 80% and a significance level of 0.05 (two-tailed). The standard deviation (SD) was calculated using the data of previous published study on the effects of retro-walking \[[@CR44]\]. A clinically important difference between groups of 1.08 in NRS score (SD = 1.19). The sample size calculation yields 20 participants in each group (a total of 60 participants). To allow for a potential drop-out of 15%, we recruited a minimum of 68 participants.

Data analysis {#Sec8}
-------------

SPSS software version 22 (SPSS, Chicago, IL, USA) was used for the statistical analysis. Mean and standard deviation are reported for all results. Baseline scores of all outcome measures and the demographic data were presented to assess baseline comparability of the treatment groups. Descriptive data were reported for each group as the mean change in the outcome measures at baseline and at the end of the trial. Data normality was tested using the Shapiro-Wilk test. A 3 × 2 two-way analysis of variance was used to compare the effects of group (retro walking, forward walking, and control) and timing (pre- and post-test). If interactions were detected, a post hoc analysis with Bonferroni adjustment was employed. The level of significance was set at *p* \< 0.05.

Results {#Sec9}
=======

Enrollment and follow-up {#Sec10}
------------------------

In total, 68 subjects participated in this 6-week randomized controlled trial (Fig. [1](#Fig1){ref-type="fig"}). The completion rates of the primary and secondary outcome measures at week 6 were 91, 87, and 82% in the retro walking, forward walking, and control groups, respectively. All 68 subjects were included in the intention-to-treat analysis to control drop out data. For missing data, the last observation carried forward method, in which the last available data for each participant at the time point prior to withdrawal from the study was retained in the analysis \[[@CR45], [@CR46]\].Fig. 1Flow of participants through each stage of the randomized trial

Patient characteristics {#Sec11}
-----------------------

Baseline scores of all outcome measures and the demographic data among the three groups showed non-significant differences (Table [2](#Tab2){ref-type="table"}). Fifty-six percent of the participants were women. Baseline scores for all the participants were 5.9 (numerical rating scale), 53.3 (WOMAC), 10.8 kg (quadriceps muscle strength) and 9.4 s (TUG).Table 2Participant characteristics at baselineAllRetro walking groupForward walking groupControl group*p* valueMean age (min-max), years55.6 (45--66)54.6 (45--66)55.3 (47--65)56. 8 (46--66).471Gender (male/female), n30/3812/119/149/13.639Mean weight (min-max), kg62.8 (40--100)63.4 (40--100)62.6 (49--78)62.3 (46--78).921Mean height (min-max), m1.5 (1.4--1.7)1.5 (1.4--1.7)1.5 (1.4--1.7)1.5 (1.4--1.7).788Mean BMI (min-max), kg/m^2^26.1 (14.7--33.3)26.2 (14.7--33.3)26.1 (18.1--30.5)26.1 (20.4--30.1).952Mean (SD) NRS5.9 (0.8)5.7 (0.8)6.1 (0.7)5.8 (0.8).197Mean (SD) WOMAC, %53.3 (3.2)52.9 (3.3)53.3 (3.1)53.8 (3.3).639Mean (SD) Quadriceps muscle strength, kg10.8 (1.9)11.1 (2.2)11.04 (1.6)10.2 (1.9).235Mean (SD) TUG, sec9.4 (0.3)9.4 (0.4)9.3 (0.3)9.3 (0.3).599*NRS* numerical rating scale, *WOMAC* Western Ontario and McMaster Universities Osteoarthritis Index, *n* number of participants, *TUG* timed up and go test

Outcomes {#Sec12}
--------

Tables [3](#Tab3){ref-type="table"} detail the outcome assessment at 6 weeks at the end of trial completion. The intention-to-treat analysis showed that the retro walking group had a significantly greater reduction of pain intensity (mean changes, 1.8 versus 1; *p* = 0.01) and functional disability (mean changes, 4.8 versus 2.2; *p* = 0.008) than the control group. Similarly, the retro walking group had a greater improvement in the quadriceps muscle strength (mean changes, 1.7 kg versus 0.7 kg; p = 0.008) and the timed up and go test (mean changes, 0.6 s versus 0.1 s; *p* = 0.003) than the control group. In addition, the retro- versus forward-walking groups or the forward walking versus control groups showed non-significant differences in all the outcomes (*p* \> 0.05).Table 3Outcome measures at six weeks after completion of trial in retro walking, forward walking, and control groups (Intention-to-treat analysis, *n* = 68)VariablesRetro walking (RW) groupForward walking (FW) groupControl group (CG)ANOVAPost hoc analysis (Bonferroni)Mean (SD)95% CIMean changesMean (SD)95% CIMean changesMean (SD)95% CIMean changesFpRW vs. FWRW vs. CGFW vs. CGNRS3.9 (1.1)3.4, 4.31.84.6 (1.3)3.9, 5.21.54.8 (0.8)4.5, 5.214.5840.014\*0.100.01†0.94WOMAC (%)48.1 (3.4)46.6, 49.64.850.2 (4.2)48.4, 52.13.151.6 (3.6)49.9, 53.22.24.9410.010\*0.160.008†0.74Quadriceps muscle strength (kg)12.8 (1.9)11.8, 13.61.712 (1.7)11.3, 12.70.9610.9 (2.3)9.9, 11.90.74.8540.011\*0.5490.008†0.241TUG (sec)8.8 (0.5)8.6, 9.10.69.1 (0.3)8.9, 9.30.29.2 (0.3)9.1, 9.40.16.1710.004\*0.060.003†0.89*ANOVA* analysis of variance, *NRS* numerical rating scale, *WOMAC* Western Ontario and McMaster Universities Osteoarthritis Index, *TUG* timed up and go test, *CI* Confidence interval, *SD* Standard deviation\**p* \< 0.05. †*p* (adjusted) \< 0.017

Serious adverse events {#Sec13}
----------------------

No serious adverse events were reported for this trial. In few patients (*n* = 3), mild increase of pain was reported in the forward walking group. Walking time and exercise load was adjusted to reduce pain accordingly.

Discussion {#Sec14}
==========

The present randomized, controlled trial aimed to compare the effects of retro or forward walking programs on pain, function, quadriceps muscle strength, and performance in people with knee OA. The results of the present study indicated that the retro walking program is effective in reducing pain and improving function, quadriceps muscle strength, and performance after 6 weeks in people with knee OA. However, there were no significant differences in any outcomes between retro and forward walking or forward walking and the traditional physiotherapy program. Biomechanically, muscles around ankle and knee reversed their action during retro-walking. In retro-walking, knee gives the primary power producer with co-contraction of quadriceps and hamstring and ankle plantar flexors works as shock absorber \[[@CR11]\]. In retro-walking, shear force at knee joint directed anteriorly whereas it moves posteriorly in forward walking \[[@CR47]\]. Additionally, retro-walking causes significantly reduced patellar compressive force than forward walking \[[@CR48]\]. It is well known that physical exercise in the form of walking is cost-effective, accessible, and effective in reducing cardio-vascular disease \[[@CR49]\], obesity \[[@CR50], [@CR51]\], and symptoms of depression \[[@CR52], [@CR53]\]. Additionally, walking is the most common form of physical activity in the United Kingdom and the United States \[[@CR54], [@CR55]\].

Similarly, a recent report suggested significantly improved function after 3 weeks of retro walking in addition to the routine physiotherapy in person with knee OA \[[@CR26]\]. Other studies reported reduced pain and disability after a combined walking program and weight training and improved postural stability following an aerobic walking and long-term weight training programs in person with knee OA \[[@CR56], [@CR57]\]. In contrast to current study, a 3-month RCT investigating the effectiveness of a walking program (forward walking) and home exercise in person with knee OA indicated significant improvements of 51--55% on the WOMAC pain subscale and of 57% on the WOMAC physical function subscale compared with controls \[[@CR58]\]. However, in the current study, the control group received traditional physiotherapy program. This could be the reason that present study did not find statistically significant difference in any outcomes between forward walking versus control groups. Previous study indicated that the retro-walking reduces eccentric activity of the quadriceps, while isometric and concentric quadriceps activity was maintained \[[@CR24]\]. This is one of the advantages of retro walking over forward walking. Reduced eccentric activity of quadriceps will results decrease compressive force at knee joint, therefore, pain intensity at the knee will be reduced. In contrast to present study, previous study indicated increased quadriceps strength after a backward running compared with forward running program \[[@CR22]\]. However, later study included only healthy participants. Another study reported a negative effect of a walking program in person with knee OA \[[@CR29]\]. However, only obese women were participated in this study. Therefore, the weight-bearing nature of walking might cause increased pain intensity in these subjects. In contrast to current study, a phase II RCT reported no changes in knee pain following a 12-week walking program in person with severe knee OA \[[@CR28]\]. However, there was a methodological difference between former and current study. The current study excluded subjects with severe knee OA. Inclusion of patients with severe knee OA in the previous study could be the reason that the previous study did not find any substantial changes in knee pain following a 12-week walking program.

The present study demonstrated that the retro walking program more effectively improved performance as measured by TUG test than the forward walking or traditional physiotherapy program. A previous study reported that a home-based pedometer-driven walking program improved walking performance in individuals with knee OA \[[@CR39]\]. More recently, immediate improvements in knee symptoms and mobility-related restrictions following personalized gait training was reported in people with symptomatic knee OA; however, these improvements were not maintained at 6 or 12 months of follow-up \[[@CR59]\]. In addition, a positive effect of walking program and exercise on health-related quality of life in person with knee OA was noted \[[@CR60]\].

A recent phase I trial indicated that 70 min of supervised moderate-intensity walking per week is safe and feasible for individuals with severe knee OA \[[@CR27]\]. In the present study, the walking program length was gradually increased from 30 min per week to 90 min per week over the 6-week period to prevent any symptom worsening. Another study reported that walking in a pre-intervention program is feasible, safe, and more effective than a mixed pre-operative program in people with knee OA \[[@CR61]\]. Similarly, the present study reported no adverse events. In addition, a recent systematic review indicated no significant difference in exercise intensity, e.g., high- versus low-intensity aerobic or resistance exercises in people with knee OA \[[@CR62]\].

The results of current study indicate a large significant effect of retro walking compared to control group. A previous systematic review demonstrated a larger effect size for exercise than no exercise for reducing pain in patients with knee OA \[[@CR63]\]. Further sub group analysis indicated a larger effect size for open kinetic chain exercise than closed kinetic chain exercise and aerobic exercise \[[@CR63]\]. Another systematic review reported moderated effect size for aerobic, resistance, and performance exercise in reducing pain in patients with knee OA \[[@CR64]\].

The present study had some potential limitations. First, due to lack of power with three small groups, this study might have been underpowered to detect a significant effect of each treatment group. A long-term follow-up was not included in the present study due to a poor history of patient follow-up in the current hospital setting. Long term trial might bring greater changes in the outcomes and therefore, we could see significant difference between retro- and forward-walking programs. In addition, only subjects aged 45--66 years participated. Impaired cognitive function and severe pain were reported in patients ≥70 years with knee OA \[[@CR65]\]. Furthermore, another study reported a relationship between poor physical function and worse cognitive function in elderly individuals with knee OA \[[@CR33]\]. Moreover, a risk of falls was increased in elderly individuals with knee OA as reported previously \[[@CR66]\]. In the future, we should include both younger and older patients to see a comprehensive clinical picture of these exercise program.

Conclusions {#Sec15}
===========

In conclusion, the present study indicated that a 6-week retro walking program compared with forward walking or control groups resulted in greater reduction in pain and functional disability and improved quadriceps muscle strength and performance in individuals with knee OA. Since, retro-walking has many advantages over forward walking, we believe that society will utilize these forms of exercise in their daily life to improve their quality of life. After some training, people can easily be able to do the retro-walking in the public parks.
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